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CONJUGATES THAT CONTAIN THE HOMEODOMAIN OF ANTENNAPEDU 

5 Ilie preseot invention relates to anovel conjugate, paitiGularlyy but not exclusively, 
in the fonn of a fusion protein or proteinMucleic acid complex. 

Gene therapy provides die potential to pennanently cure selected genetic diseases. 
However, a major obstacle is the efifective delivery of the gene or protein of interest 

10 to the target site. A variety of viral and non-viral vectors have been developed to 
deliver genes or gene products to various cells, tissues and organs by ex vivo or in 
vivo strategies. Among viral-based vectors, letroviruses, adenoviruses, adeno- 
associated viruses and herpes viruses have been most extensively studied. Among 
non-viral-based vectors, liposomes have been used to introduce plasmid DNA 

IS directly into animals. However, one of the main challenges of gene therapy remains 
the design of effective delivery systems. 

The gene antennapedia (Antp) encodes a transmptional factor that has been shown to 
control antero-posterior morphogenesis in Drosophila embryo. Hie protein sequence 

20 of antennapedia is characterised by the presence of a 60 amino acids motif 
(homeodomain) that binds to specific DNA target elements. Antennapedia 
homologues have been found in nearly all multicellular organisms and show a veiy 
high degree of amino acid sequence identity. The human and drosophila 
anteomqimUa proteins differ in the sequence of die homeodomain only for one 

25 conservative amino acid substitution. 

It has been observed that antennqiedia and its homeodomain are able to translocate 
across die cytoplasmic membrane of mammalian cells. The translocation does not 
depend on cell endocytosis and it has been reported diat translocation occurs at both 
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4^C and 3 7*^ C. Homeodomam gynlfaetic pqrtides made of D amino adds aic also aUe 
to cross the cytqilaamic memlnniie* 11^ 

Antp jg tfanalocated thmiigh a receptor mgdiiiterf mgrhflnigm T>i ^ prrfpftrty has bfCTl 

exploited to vehiculate small viral sequences into the cytoplasm of cuttmed cells as 
5 wdl as to eUcit an MHC class I lestricted cytotoxk im^^ 

nucleoprotein of the inflnenffl vims. However^ to date the homeodomain of ^n<^ has 
only been used to tianspott small synth^c pqptides. Schutze-Redelmeier M-P et al 
(1996) Iiilxoduction of Exogenous Antigens into the MHC Class I Processing and 
Piesentation Pathwi^ by DrasophUa Antennq>ediia Hon^odcxmain Primes Cytotoxic 

10 T Ceils In Vivo. The Journal of Immunology 6S0-6SS mentions that the 
homeodomain of the antennqiedia molecule can be used to deliever iqi to SO 
additional amino acids to the cytoplasm. Using 16 amino adds of the third helix they 
mention that fusion peptides containing iq) to 94 amino acids could be prepared, but 
this is not demonstrated. Further the thrust of the disclosure is only towards delivery 

IS of syndietic peptides. 

We have now found that the homeodomain of Antp can be used to translocate 
proteins, including non-synthetic protems. One of the key advantages of the present 
mvention is that is can be used to translocate functional and regulatory proteins. This 
20 is surprising and very important, particularly for medical applications. 

Ihe ability to deliver the exfnession product of a gene of interost directly into a cell 
has wide ^licability, particularly m die medical field. We have now also 
surprisingly found that the homeodomain is able to translocate nucleic acid. This is 
25 especially advantageous for gene therapy applications. 

Ibus accordmg to one aspect of the present invention thero is provided a conjugate 
comprising: 
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(a) a first legLoo comprising the homeodomaiQ of antennapedia or a variant 
thereof; and 

(b) a second legion not naturally associated with the first region; 
and wfaesrein at least the first region is non-denatured 

According to one embo(Umem the first and second regions are associated via fi>r 
exaixq>le a disulfide bond, or the second region may cotD|itise a nucleic acid binding 
domain, prefinably further conq>rising nucleic acid. This embodimmt may be seen as 
a protein/nucleic acid complex. 

According to a fiirtiier embodiment the conjugate is in the form of a fiision protein, 
hi this embodiment, preferably the second region is a functional or regulatory 
protein, or an antigen. 

According to a further aspect of the present invention there is provided a coiyugate 
conoqprising: 

(a) a first region comprising the homeodomain of antennapedia or a variant 
thereof operably linked to 

(b) a second region not oaturally associated with the first region comprising a 
protein of at least 100 amino acids. 

By **operably Imked'' we include that the first and second region are linked such that 
the second region is able to translocate a cell membrane. 

Preferably tbc whole conjugate is non-denatured* 

By non-denaturing we do not necessarily imply a specific non-denaturing step; 
akhough this may be the case. 
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Denfltmatiim is the proceas by which Aa thiieai ^ifn«nifi^ fll i^h^ of fte pro tei n 

molecute is clumged fiom its nath^e State vitiioirt 

also indude disulfide bond n^tore or clianical modification 

protein if tiiese processes axe also accon^anied by dianges in its o 
5 dimoisianai stnictuie. 

We also do not exclude lenatuied proteins or nucleic acid in which tlie denatured 

protein or nncldc acid is letumed to the conformation it maintained befine 
denaturation. Reversible doiaturation is generaUy bioug^ about by disulfide 
1 0 reducmg agents, and urea, for nucleic add by heat and salts. 

For the avoidance of doubt, by native state we mean the form in which the protein or 
nucleic add occurs in the intact cell, its three-dimensional s^icture dqModmg on 
fisnnation of the q>propriate hydrogen bonds. 

15 

Preferably the first region is at the amino terminal end of the second region. 

Accorduig to anoOer aapcct of the present invration there is provided nucleic add 
encoding the coiyugate of die present invention. 

20 

Acoordhig to another a^ect of the present invention diere is provided an expression 
vector con^nismg the nucleic acid of the present mvention operably linked to a 
promoter. 

25 Accorduig to yet another aspect of the present mvention there is provided a host cell 
tcansformed widi the eiqiression vector of the present invention. 

The development of an appropriate procedure for obtaining the conjugate fimn 
bacterial lysate was important. With conventional methods we found that exposure 
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to deoaturing itag^ drainatically affect the translocatioii prop^ otihtAn^ 
homcodomain. Wo also found that smali changes in pH and diffemces in osmolarity 
affected its translocation property . 

S We have now found a ^neiai method £ar preparing the conjugate of the present 
mventi(Hi» and in particular an appropriate procedure for purifying the first rfnmnin 
and fusion proteins from the bacterial iysate. This method allows conjugates to be 
obtained which will translocate a protein of at least 100 amino acids across the cell 
mmfaiane. 

10 

Thus according to another aspect of the present invention there is provided a method 
for preparing a coiy ugate comprising: 

(i) cuituring the host cell according to the present invention under conditions 

1 S \Mch provide for tiie expression of the conjugate fiom the expression vector within 
the host ceil; and 

(ii) recovering the conjugate, which recovery comprises fiising an amino acid tail 
to the coqugatet wiiich tail is capable of binding to at least one substrate and not to 
another substrate^ and wherein the conjugate is caused to bind via the tail to at least 

20 one substrate such that conq)onents of the host cell do not bind to this substrate; and 
the conjugate is contacted with the other substrate such that the conjugate is not 
bound and remaining conqponents of the host cell are bound to the other substrate* 

According to yet another aspect of the present invention there is provided a method 
25 fin: preparing a conjugate comprising: 

(i) cuituring a host ceil, transfoimed with an expression vector comprising 
nucleic add, operably Imked to a promoter, encodmg (a) a first region comprismg the 
homeodomain of antennapedia or a mutant thereof; and (b) a second region not 
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natuiaUy associated with the fiist legion coiiqjrisii^ at 
least 100 amino acids in length, under conditions which provide for expression of the 
cmijiigBte from the expression vector withm die host cell; and 
(ii) recovering the coniwate. whidi method conyrigea cmnprima fawfi g «n 

amino acid tafl to the conjugate, whidi tail is capable of bmdiog to at least one 

substrate and not to anodier substrate, and wherein the coiyugate is caused to Ixnd 

via the tail to at least one substrate such that ccnnponents of the host cell do not Und 
to this substrate; and the coiyugate is contacted with the other substrate such that the 
eonji^ate is not bound and remaining cmiqKments of die host cell are bound to the 
other substrate. 



According to a furdier aq>ect of the prraent invention diere is provided a method of 
puri^ong a c<ayugate conqirising fusing an amino add tail to die conjugate, which 



1 






1 





vdierem die coqugate is caused to bind via the tail to at least one substrate such that 
inqnirities do not bind to this substrate; and the coqjugate is contacted with the odier 



substrate such durt the conjugate is not bound and renuuning impurities are bound to 
the other substrate. 



Thus in broad terms the present invention can be seen as the use of a tail to 
the conjugate vi^ch allows both positive and negative purification steps. 



pR^rably die amino acid tail is fused to the carboxy tennmai end of die conjugate. 



Prefinabiy die amino acid tail comprises HHHHHHGS. 



Pieferably die substrate is a nickel column or an antibody widi aflSnhy fbr die amino 
acid tail. 
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Accoxding to a pscSeatd embodimeiit the conjugate is consecutiveiy contBcted vnHh 
tvro subsfntea whh \iyliich h has affim 



Ibus picfeiably both the nickel colunm an^ They may be used in 

5 any oider. 



w 
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be fi>niied by mixing the conjugate fimned in accordance w 
nucleic acid. 



Further aqiects of the present invention include a conjugate prepared 1^ the mediod 
of tiie present invention; a pharmaceutical composition comprising the coiyugate of 
the present invention and the use of die conjugate of the presoit invention in the 
preparation of a medicament for the treatment of a disease or infection. 



In accordance with the invention, standard molecular biology fffchniq<Tfff? may be 
used which are within the level of sldll hi the art. Such techniques are My 
described m the literature. See for exanq)le; Sambrook a al (1989) Molecular 
Cloning; a laboratory manual; Hames and Glover (1985 - 1997) DNA Qonhig: a 
practical approach, Vohmes I- IV (second edition): Methods for the engineering of 
hnmunoglobulin genes are given m McCafferty et al (1996) "Antibody 
Engmeer^g: A Practical Approach". 












tts of the present invention will now be 
25 described \xy way of non-limiting exanqiie, and with leference to the accompanying 
drawings in wUch: 



Bgure 1 shows the structure and sequence of the antennq>edia homeodomam 
obtainable fiom /3ro9c;pA//a; and 



SUBSTmiTE SHEET (RULE 28) 



wo 99/11809 



PCT;GB98/02628 



8 



Figure 2 finther shows two mutants, dnignated pAn^ SOH and pAn^ 40F2. 



FinrtRgpwi 



Ibe first region of the conjugate of tiie invention may con^nise a natural or synthetic 
hmneodomain of antomapedia. 



ITie homeodcnnain of the An^ gene obtainable from Drosophila is shown in Figure 1 
and in Seq ]D No. 1. Sequences homologous to this homeodomain have been isolated 
torn ottier wganiams. including vertebrates, mammals and himnwa, an/f th^p 
included in the present invention. Hie homeodomain may be prepared using standard 
techniques such as cloning using the procedure described m Joliet et al (1991) 
Antennapedia homeobox peptide regukttes neural morphogenesis. Proc Natl. acad. 
Set 88 1864-1868. As previously indicated differences in the sequences of such 
multicellular organisms are generally conservative in nature. However, this may not 
necessarily be the case and other such sequmces an included in the present 
invention, and fiwr example where the sequence idmtily is about 50% or more, e.g. 
60%, 70%, 80% or 90%, with the sequence obtainable fiom DrosophUa. Sequence 
identity may be detRmined usmg such commercially available programmes as GAP. 



In addition syndwtic variants may be used provided that they retain the ability to 
translocate the membrane. Synthetic variants wiU generally differ fiom the naturaUy- 
oceurring protems by substitution, particularly conservative substitution. By 
conservative amino acid changes we mean replacing an amino add fiom one of the 
amino acid groins, namely hydrcqihobic polar, acidic or basic, with an ammo acid 
fiom within the same group. An example of such a change is the replacement of 
vaUne by methionine and vice versa. Other examples of conservative substitutions 
may be.seen by reference to the following table: 
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ALIPHATIC 






TT V 
ii^ V 




CSTM 


NQ 


Polar - chaig^ 


DE 


RK 


AROMATIC 


HFWY 


OTHER 


NQDE 



Such variants may be prepared using standard recombinant DNA techniques sudi as 
site-directed mutag ene sis. Where insertions are to be made, synthetic DNA encoding 
die insertion together with 5' and 3' flanking regions coiresponding to the naturally- 
occurring sequence eidier side of the insertion site. The flanking regions will contain 
convenient restriction sites corresponding to sites in die naturally-occuning sequrace 
so that the sequence may be cut with the appropriate enzyme(s) and the synthetic 
DNA ligated into die cut The DNA is then expressed in accordance with the 
invention to make the encoded protein. These methods are only illustrative of the 
numerous standard techniques known in the art for manipulation of DNA sequences 
and other known techniques may also be used. 

Ihe ability of a naturally occumng or synthetic sequence to translocate the 
membrane may be tested by routine methods known in the art and illustrated in the 
acconqpanying exanqiles. 

Some variaitts of die homeodomain which retain the ability to translocate the 
membrane have been reported in the art and these are included m the scope of the 
present invention, to^dier widi any v^ch become available. 
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For vxmpk, EP-B-0 485 578 to CNRS discloses homeopeptides ««t n»i^ g the 
helix 3 sequence of pAn^, and these are htcoiporated herein by reference. 



D 



W097/12912 also to CNRS discloses the actual sequence of the helix 3 of pAntp, 

and variants thereof These also are iDcoipoiatBd herem by reference, b paiticuto 
the 3 helix is said to have the sequence: 

Arg-Ghi-Ite.Ly8-Ile-TiihPhe-Gh»-Astt.Aig-Aig-Met-Ly»-Tip-Ly»-Ly8 
The variants are said to have the sequence: 

X1-X2-X3-X4.X5-X6.X7-X8-X9-X10-X11.X12.X13-X14-X15.X16 
or 

X16-X15-X14-X13-X12-XU-X10-X9-X8-X7-X6-X5.X4-X3-X2-X1 

wherein each X represents an ot-amino acid, with X6 representing trytophane; said 

peptide comprising between 6 and 10 hydrophobic amino adds. 



■ 



Other variants are desclosed in for example, Gehring W (1987) Homeo Boxes in die 
Study of Development. Science 236 1245-1252 discloses a homeodomain of 62 
amino adds, Le. with giu at position 0 and lys at position 61 . Bloch-Gallego Eatal 
(1993) Antennapedia Homeobox Peptide Enhances Growth and Biandiing of 
Emhiyonic Chicken Motoneurons In Vitro. The Journal of Cell Biology 120(2) 485- 
492 discloses a mutant caUed pAmp40P2 that was stiU able to translocate through d^ 

membrane and to reach the nucleus, in thia mutant tk. i^*.:..^ ^ 



depmds 



WW 









threonine residues in positions 40 and 41 were replaced l>y two proline residues. Le 
Roux et at (1993) Neurotropic activity of the Antennapedis 

properties. Proc. Natl, Acad. Sei. 90 9120-9124 

two mutants pAn^ 50A and pAntp 40F2 as shown in Figure 2 which retail 
the ability to translocate dirough the neuronal membrane. Schutze-Redefaneier M-P 
et al (1 996) supra disclose that a 1 6 amino acid C-terminal (third helix) segment has 
been used to address oligonucleotides and oUgopeptides to the cytoplasm and nuclei 
of cells in culture. 
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HowBvn, whilst not wishing to be bound by any Iheoiy it is believed tfiat for 
delivering die proteins of the present inventica an amino acid sequence of about 60 is 
preftned. 




10 
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Fkefoably. the first and second regions are linked by a eleavable H«fc^ n^oa this 
may be any region suitable for this purpose. Preferably, the eleavable linker region is 
a protease eleavable linker, although other linkers, eleavable for example by smaU 
molecules, may be used. These include Met-X sites, eleavable by cyanogen bromide, 
Asn-Gly, eleavable by hydroxylamine, Asp-Pio, eleavable by weak acid and Tip-X 
celavable by, inter alia, NBS-skatole. Protease cleavage sites are preferred due to the 
milder cleavage conditions necessary and are found m. for example, foctor Xa, 
thrombin and eollagenase. Any of these may be used. The precise sequences are 
available m the art and the skilled person will have no difiOcuity in selecting a 
suitable cleavage site. By way of example, the protease cleavage region targeted by 
Factor Xa is I E G R. The protease cleavage region targeted by Enterokinase is D D 
DDK. The protease cleavage region targeted by Thrombin is L V P R G. Preferably 
the eleavable linker region is one which is targetted by endocellular proteases. 



Second Rem 



25 



Fusion protein 



The second region of the conjugate according to the invention may comprise any 

piotem sequence of mteiest (heremafter PCI) which is not naturally associa^ 
the first region. UsuaUy this will mean that the PCI wiU be found in nature encoded 

« 

by a gene different from the gene encoding the first region. The second region may 
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be fiom die same species as the first region, but are piesent in the coigugate of die 
invention in a manner dififerent fiom die natural situadon, or fiom a different species. 

Ihe second region of the present invention is preferably at least 1 00 amino acids in 
lengdL Ihe present invention is particularly usefid for longer sequences, e.g. at least 
ISO, 200, 300, 400 or 1000 amino acids in lengdi. For die avoidance of doubt die 
term ^^protein'' as used herein also ^compasses polypeptides of die reqpuitd Imgtti; 
aldiough hy die term ''polypej^de'' we generally mean sequences of fiom 2 to 100 
amino acids in length, usually 2 up to 60. 

Protein/nucleic acid complex 

Within the present invention the nucleic acid comprises any nucleic acid of interest 
(hereinafier NOI), which may be e.g. dierapeutically active or a reporter gene. Ihe 
NOI may be DNA or RNA. In one embodunent the NOI is an oligoniK:leotide. 

When the present invention relates to a proteui/nucieic acid conq>lex, the complex 
preferably fiirther comprises a nucleic acid (or DNA) bmding domain as part of die 
second region. The nucleic acid binding domain serves to mediate the specific, high 
afiBnity and non-covalent interaction of the protein component widi the nucleic acid 
componeiit. ^ 

The nucleic acid binding donuun may be an RNA binding domain, or prefttentiaUy, 
a DNA binding domain, e.g. the DNA bidning domain of a txanscrqrtion fitttor, 
paiticulazly a yeast or human transcription &ctor. Prefer 
domain, mediating the selective binding of the protein of the invention to the DNA 
sequence CGGAGGACAGTCCTCCG (Cavey etalJ Mol Biol 209:423, 1989). Most 
prefoably the DNA tnnding domain consists of GAL4 amino acids 2 to 147. A DNA 
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hmding domain may bind to sin^e^stianded or to a double stranded DNA on the 
second domain. 

Another suitable domain wotdd be a histone. 

S Applications fi>r the conj ugates of the piesoit invention include (theit may be 
overi^) between these applications): 

1. Antigen delivery systent An antigen is any agent that when intniduced ^ 
an immunocompetent animal stimulates the production of a specific antibody or 

1 0 antibodies that can combine with the antigen. However, tlie antigen may need to be 
combmed with a carrier to be able to stimulate antiboc^ production. This is where 
the present invention comes in as it acts as a earner by transporting the antigen fiom 
one side of the cell membrane to the other such that it can cHn^ul ate antibody 
production. By way of example, bacterial and viral antigens translocated by J^ttp in 

IS the cell cytoplasm may be processed and associated with MHC ckus I molecules. 
This antigen processing and presenting pathway is known to activate specific CDS 
cytoxic lymphocytes. 

2. Gene therapy. Gene therq)y may inchide any one or more of: the addition, 
20 the replacement, the deletion, the siqq)lttnentation, the manipulation etc. of one or 

more nucleotide sequences in, for exan^Ie, one or more targeted sites - such as 
targeted cells. If the targeted sites are targeted cells, then the cells may be part of 
a tissue or an organ. General teachings on gene therapy may be found in 
Molecular Biology (Ed Robert Meyers, Pub VCH, such as pages 556-558). 

25 

By way of further exanqile» gene diraapy can also provide a means by which any 
one or more of: a nucleotide sequence, such as a gene, can be applied to r^lace or 
supplement a defective gene; a pathogenic nucleotide sequence, such as a gene, or 
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eaqpiessioa product thereof can be cUmiiiatied; a nucleotide sequenoe, such as a 
gene, or expression product thereof, can be added or introduced in otder, for 
ennq)te, to oreaie a won fiivouiable pfaenoQrpe; a nucleotide seqiuence, such as a 
gene, or expression product thereof can be added or introduced, for exanqile, for 
setectioo purposes (i.e. to select transformed cells and die like over non- 
transfoimed cells); cells can be m a nip u late d at die molecular level to treat, cure or 
prevent disease conditions • such as cancer (Scfamidt-Wolf and Schmidt-Wolf, 

of Hematology 69;273-279) or other disease conditions, such as 
ume, cardiovascular, nouological, inflammatory or infiectious disorders; 
antigens can be manip u lat e d and/or introduced to elicit an immune respome, such 
as genetic vaccination. In a particularly prefeired embodiment, Antp may be used to 
introduce functional oroteins in the cvtoDlasm of sanMiAnUv rf«fi<^M* ...ii t»^. 



» 1 1 r; 



flint 



3. Cancer iketapy. Amp may be used to transport into cancer cells molecules 
diat are transcriptian fictors and are able to restore cell cycle coutxDl or induce 
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For exan^le it is understood diat many cancw cells would u 
apqptosis if a functional P-53 molecule is introduced into their cytoplasm. The 
present invration may be used to deliver such gme products. 



go 



4. Develop antibacterial and antivind measures. For example, Antp may be used 
to transport in the cytoplasm of in&cted cells recombmant antibodies or ONA 

bmding molecules and which interfere widi a crucial step of bacterial and viral 
replication. 



We have now generated recombinant chimeric piotems constituted by ^ 
homeodomam of antennapedia fused either to the 8SA antigen of Mycobacterium 
tuberculosis or to a single chain recombinant antibody directed against the 
andgen Pb2L 
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5. Use in oqnession systems. For example, it is desiiable to express exogenous 
proteins in eukaiyotic celb so that they get pi^^ 

exogenous proteins are toxic to eukacyotic ceils. In nianiifiicturing exogenous 
S proteins it is therefim desirable to achieve temporal esqwession of die exogenous 
protein. Tlie system may therefore be used in connection with an ind^ 
for this or any other q)plicatt(m involving such a system. In one sudbi^stem, the 
loxP/cre system, Ae eukaiyotic cell contains a gene oicoding the protein of interest, 
functionally linked to a rqnessor. Thus, in the normal situation, the protein is iK>t 
1 0 esqpressed The An^ bomeodomain may be fiised to Cre recombinase wliicb will 
excise the rquessor gene. Application of this conjugate to the eukaiyotic cell will 
thus cause expression of the protein. 

6. Receptor-mediated signalling. A receptor is a cellular macromolecule that 
IS undergoes comfamation, with a hormone, neurotransmitter, drug or intracellular 

messenger to initate a change in cell function. Receptors are concerned directly and 
specifically in chemical signalling between and within cells. By recqptor-mediated 
we mean a reqionse that requires the intermediary action of a receptor. Thus the 
present invention which is required to initate a change in cell function. 

20 

7. Protein sorting. 

8. DNA synthesis. 

25 The invention is particularly important because it transports to the nuclei of cells, 
fimctional transcription &ctors wiiich interfisre with the endogenous expression of 
genes and/or which interfere with the process of viral or bacterial rq)Ucation. 
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mSJoi (Magisossls a^Meadosa bm. &z@ mm Masii&^ to: ^qissssss smt^xm os 
FOIs wMd& aire cydokkss, ctsmokiass^ bosmones, antibodies, esigteisd 
!mogJotisSk-Mte moleciales. a siiaglle duaiffl smjafecdy, cospgaites, exaps^, 
cc^MBsml^^ imolecttles, igaiiBB!!^^ aBotesales, ssKB-assss SNA, 

liioam ai^sive muSaM of a targei prateia, a tasm, mdm (ss^igmifiM A, 
Colkia A, d-miotosm, dipMberia torn, iSaciUus sMmz torn, Cbolem tosin, 
PeirgiHssis mm, E. coU eoxins, Siugatoxm or a Shiga-like torn, a coffl^tioMi 
ttudn, an antigen, a tuinour sm^pressor protein aad growth fectoes, xass^mts 
proteins, vasoactive proteins and peptides, anti-viiral proteins and ribospass, and 
derivaaves iHserof (such as with an associated reporter growp). When inctaded. 



such coding sequeijces may be QrpicaUy operativeiy linked to a suitable promoter, 
wWch may be a promoter driving expression of a ribo2yme(s), or a different 
loser or promoters. 



:»>)rt»jiiii:(«m5*f 



Us conjugate of titse present invention may be used to deiiver ome or more NOI(s) 
or FOI(s) US3&1 in the treatment of the disorders listed in WO-A-98/0S635. For 
ease of reference, part of that list is mow provided: cancer, inflammation or 
inflammatory disease, dermatological disorders, fever, cardiovascular efiSects, 
haemorrhage, coasiui]latk>n and acute fSme response, cachexia, anorexia, acuts 
infeetioa, mv infestion, shock states, graft-versus-host reactions, autoimmEsiss 
disease. repertoioiSL ispry. meningitis, migraine and aspuiiniepeE&sient anti- 
thrombosis; CDimorar growth, invasion aEd spsad, angiogenesis, metastsises. 
maligtMit, ascites and maligiaint pleural eiliSissioa; cerebral ischaemia, ischaemic 
h^ disease, osteoarthritis, r&sojimatoid arthritis, osteoporosis, asthma, nmltiple 
sderosis, nemodegeneration, Alzheimer's disease, atherosclerosis, ssroSoe, 
vsiscuiitis, Crohn's disease and ulcerative colitis; periodontiti! 

I, chnMiiic ulcers, epidmnolysis bullosa; conaseal 
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ukoation, tcdDOpatiiy and suigical wound healing; riunids* allergic conjunctivitis, 
eczenu, anq>lqrlaxi8; restenosis, congestive heart fiuhiie, endnnetriosis, 
adiomderosis or endosclerosis. 

bk additimu or in the alternative, the coiyugate of the present invention inay be 
used to deliver one or more N0I(8) or POI(s) useful in the treatment of disorders 
listed in WO*A-98/07859. For ease of reference, part of diat list is now provided: 
pyiokine and cell proliferation/differentiation activity; immunostqipiessant or 
unmunostimiilast activity (e.g. for treating immune deficiency, inchiding infection 
widi human immune deficiency virus; regulation of lymphocyte growth; treating 
cancer and many autounmune diseases, ami to prevem transplant rejection or 
induce tumour immunity); regulation of haematq>oiesis, e.g. treatment of nqreloid 
or lymphoid diseases; promoting growth of bone, cartilage, tmdon, ligament and 
nerve tissue, e.g. for healing wounds, treatment of bums, ulcers and periodontal 
disease and neurodegeneration; inhibition or activation of follide-stimulating 
hormone (modulation of fertility); chemotactic/chanokinetic activity (e.g. for 
mobilising specific cell types to sites of injury or infection); haemostatic and 
thrombolytic activity (e.g. for treating haemophilia and stroke); antiinflammatory 
activity (for treating e.g. septic shock or Crohn's disease); as antimicrobials; 
modulators of e.g. metabolism or behaviour; as analgesics; treating specific 
deficiency disorders; in treatment of e.g. psoriasis, in human or veterinary 
medicine. 

In addition, or in the alternative, die conjugate of the present mvention may be 
used to deliver one or more N0I(8) or POI(s) useftil in the treamient of disorders 
listed m WO-A-98/0998S. For ease of reference, part of that list is now provided: 
macrophage inhibitory and/or T cell inhibhory activity and thus, anti-inflammatory 
activity; anti-himnine activity, i.e. hihibitory effects agamst a cellular and/or 
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mmssd. istisimme T3S^ms/s^ msMkig & S€S^G^!S@ 
iiMbilt tbs slbHijiy of rascrophsges ssssd T cells to < 



gse to @ssrsiesiQto mssssx 



isasMissg filissyimMd artitmtis, mftesmMtion associated wkh bypmesKsMviQ^, 
slespc s'ssice&Qm, asithm, systmic h&$iM esyttamiiosiias, coUag@ai dfis@as®s mi 
aitsr mijomsmm d&S(&ases, ififtesmmutios^ associafisd wislh asbofosclsrasis, 
asiisirioscllerossSv atIlsim)5clerotic bssst disease* rejs^jfbsioiii Mjniury, casdiac airinsst, 
xEsyocardial U!ax€tioii, vascular knOammattKry disordm, resiparatory dist£^ 
sysidram^ or o^r cairdioipuisssoaasy diseases^ isdSaaoimtioia assoda^isd with peptic 



mlcert uicemtive colitis and other diseases of the gastrointestinal tract, hqiiMic 
M^rosis, liver cirrhosis or other hepatic diseases, thyroiditis or other glajrarfuiaT 
diseases, slomervdonephritis or other renal and lUirologic diseases, otitis or other 
oto-rfaino^larjmgological diseases, dermatitis or otfa^r derml diseases, periodontal 
15 diseases or other dental diseases, orchitis or epididimo-orcMtis, infertility, oichidal 
sranma or other immyne-rela^ testicE&iar diseases, placental dystSiisssction, placental 
insnafiSciency, habitnai abortion, eclampsia, pre-eclampsia aiid other im y r^ ^giiip 



ami/or inflammatory-related gynaecological dis 
hstermediate uvei(£BS, anterior uveitis, conjunct!^ 



20 optic neuritis, intmcaUar inflammation, e.g. retinitis or cystoid mflq ij^flir oedema, 
sysnpsLth^c ophMmia, scleritis, rednids pigmentosa, immune m& inflammatory 
esmpomsss of degenerative fondus disease, inflammatory components of ocoslar 
trauma, ocular Inflammation caused by infection, proliferative vitreo-retsBC^thies 
acute ischaemic optic neuropathy, excessive scarring, e.g. following glaucoma 

25 filtration operation, hnmune and/or inflammation reaction against ocular implams 
and other immune aM InflammatoryHrelai!^ qphthaknic diseases, inflammation 



associated with autoimmune diseases or conditions or disorders where, both in the 



central 



:iiiiKiirA::i:t: 
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MV-ieteii©sS OEsephalopafliy, Devic's dteise, SyteitaHii cimi^ AMetor's 
dimse 2iM oith^ degemiemilive cMssnses, coxsditiom or disosdess of tliie CMS, 
ki&teimsiaSiQisy eossspnEeiQte of sso&iss, postt-polio symtevms, iiomrais 
MmmmKy cosspjiaeiais of psydakuric disoitos, Eng^elijas, ©EsepMnis, sdssose 
scl^sisig p&sii^iQicephsiIitis, em:epissilomyellids, scute s^uiropsiShy, siuibsiciss^ 
mssopsi^y. cbromc neww^saithy, Ouiliaim-Barre syiodrome, SydeiSjsim claora, 
myssthesm gmvis, pseudo-iiumour cembn, Down's Syodrome, EmdngsoB's 
disease, amyotroplhik lateral sclerosis, inftamtrntory ocmpasi^ of CNS 
consspiressioii or CNS tnmsm or mfectioas of the CNS, ixsflaxmmtoiry coai^Ksaieiits 
of mssscidar atrqpMes aad dystropMes, ossd imxsmm md ixxSksmm^zy rel&ted 
diseases, coaditions or disorders of the central and peripheral nervons systesas, 

ic mfbmmation, septic shock, infectious diseases, inflammatory 



postH 



1*1 >jii:ii 



CQBSplksatioQs or side effects of msg<sxy, booe msraow transplaMation or o&xss 
QcsmisplanMion complications and/or side effects, iEifSammatoiy and/or immme 
coaspiicatioiis and side effects of gene ^mpy, e.g. due to in&aion with a viral 
cainrier, or i i irfiamma tion associated with AIDS, to suppress or inSubit a humoral 
ased/or celMar inumsae re^onse, to treat or ameliorate monocyte or leukocyte 
proliferative diseases, e.g. leukaemia, by reducing the amount of monocytes or 
lymphocytes, for the prevention end/or treatment of graft rejection in cases of 
transplantation off nasural or artificial cells, tissue and orgaas such as cornea, bos 
tMm>w, organs, lenses, pacemalcers. mtural or artil^ial skin tissue. 



Ths present invention also provides a pharmaceutical composition for treating an 
Mviduai by gene therapy, wherein the condition con^rises a QierapsatDcally 
ef&ctive amonmt of the conjugate of the present invention. The phaimaeeutical 
composition may be ft>r human or animal usage. Typically, a physician wii 
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detemime the actual dosage which will be most satiable for an individual sufagect 
and it will VBxy with the age, wdght and response of the particular individual. 

The coalition may o|Kionally comprise a pharmacaidcally accefrtable carrier, 
5 diluent, excq)ient or adjuvant. The choice of phamuceutical carrier, excipient or 
dihient can be setecled with regard to the intended route of administration and 
staiKlard pharmaceutical practice. The pharmaceutical conqiositions may conqprise 
as-orinadditionto- the carrier, excipirat or dihient any suitable binder(s), 
lubricanKs), suspendmg agent($), coating agent(s), solubilisiqg agent(s), and other 
10 carrier agents that may aid or increase entry into the target site (such as for 
exanq)le a lipid delivery systmi). 

Where appn^riate, the pharmaceutical compositions can be administered by any 
one or more of: inhalation, in the form of a suppMitory or pessary, topically in the 

15 form of a lotion, sohition, cream, ointment or dusting powder, by use of a sldn 
patch, orally ui the form of tablets containmg exc^ients such as starch or lactose, 
or in capsules or ovules either alone or in admixmre with excipients, or in the 
fbmi of elixirs, solutions or suspensions containing flavouring or colouring agents, 
or they can be mjected parenteraily, for example intracavemosally, intravenously, 

20 intramuscularly or subcutaneously. For parenteral administration, the 

compositiom may be best used in the form of a sterile aqueous solution which may 
contam other substances, for exanq)le enough salts or monosaccharides to ™ir^ the 
sohilion isotonic with blood. For buccal or sublingual administration die 
compositions may be administered in the form of tablets or lozenges which can be 

25 formulated in a conventional manner. 

The deliveiy of one or more therapeutic genes or proteins according to the invention 
may be used alone or in combmation with other treatments or components of the 
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tnatmenL Diseasa vvinch miqf be treated iocliide, but an 
neuiological diseases, inherited diseases, tuart disease, stroke, atdiritis, viral 
infiwtinis and diseases of tbe immune qrstem. Suitable tbetqpeutic gones inchide 
those coding for tumour suppressor proteins, enzymes, pro-drug activating enzymes, 
5 immunomodulatory molecules, antibodies, engineered immunoglobulin-Iike 
niolecuies, coqi^ates, honnones, monbianB proteins, vasoactive protnm 
peptides, cytokines, chemokines, anti-viral proteins, antisense RNA and ribo^mes. 

The coiyugate may also contain one or more cytokine-encoding NOIs or cytokines. 

10 Suitable cytokines and growth &ctors include but are not limited to: ApoE, Apo- 
SAA, BONF, Cardiotrophin-1, EGF, ENA-78, Eotaxin, Eotaxin-2, Exodus-2, FGF- 
addic, FGF-basic, fibroblast growth fiutoi^lO (Marshall 1998 Nature Biotechnology 
16: 129)J1.T3 Ugand (Kimura et al. (1997X Fractalkine (CX3CX GDNF, 0-CSF, 
GM-CSF, GF-pi. insulin, DFN-y, IGF-I, IGF-II, IL-la, IL-lp, IL-2, IL-3, lL-4, 11^5, 

15 IL-6, IL-7, IL-8 (72 a.a.), IL-8 (77 a.a.), IL-9, IL-10, JLrl 1, IL-12, lL-13, IL-15, IL- 
16, IL-I7, IL-18 OGOF), Inhibin a, Inhibin p. IP-10, keratinocyte growdi &ctor-2 
(KGF-2), KGF, Leptm, LIF, Lymphotactin, Mullerian inhibitoiy substance, 
monocyte colony inhibitoiy Ifoctor, monocyte attractant protem (Marshall 1998 ibid), 
M-CSF, MDC (67 a.a.), MDC (69 a^a.), MCP-1 (MCAF), MCP-2, MCP-3, MCP-4, 

20 MDC (67 a.a.), MDC (69 a.a.), MIG, MlP-la, MIP-ip, MIP-3a, MIP-3p, MIP-4, 
myeloid progenitor inhibitor &ctor-l (MPIF-1), NAP-2, Neuiturin, Nave growth 
fikctor, p-NGF, NT-3, NT-4, Qncostatin M, PDGF-AA, PDGF-AB, PDGF-BB, PF-4, 
RANIES, SDFla, SDFlp, SCF, SCOF, stem ceil &ctor (SCF), TARC, TGF-o, 
TGF-P, TGF-P2, TGF-P3, tumour necrosis fector (TNF), TNF-a, TNF-p, TNIL-1, 

25 TPO, VEGF, GCP-2, GRO/MGSA, GRO-p, GRO-y, HCC 1, 1-309, 

The conjugate of the presort invention may conqnise fiirther suitable domains. These 
will be known to those skilled in die art. For example an endoplasmic reticulum 
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fetmtioii signal functions to affect the intzaceilular routing of the internalized 
ooiijiigBte or protein/nucleic acid complex of the present invcntioiL A suitable 
endoplasmic retention signal may be a mflmmftiioii endoplasmic reticulum xctention 
signal. 

5 

Also present may be a translocation domain wfaidi serves to eobmcc nucleic add or 
protein escape fiom the cellular vesicle system and thus to angmimt mideic add 
transfer by tibis route. This domain may serve to reduce or avoid lysomal d^radation 
after internalization of the protein/nucleic acid into die target cell. Suitable 
10 translocation domains are derivable fitim toxins, particularly bacterial toxins, such as 
exotoxm A, Colicin A, d-endotoxiiu diphtheria toxm. Bacillus anthiox toxin. Cholera 
toxin, Pertussis toxin, E. coli toxin toxms, Shigatoxin or Shiga-like toxin* 

The first domain of the present invention may be modified to target cell sites other 
is than the nucleus. 

Additionally, or attematively, also present may be a target cell^specific bindhig 
domain recognising a cell sur&ce structure, such as a receptor protein or sur&ce 
antigen on the target cell* 

20 

Nucldc acids. 

The mvntion also provides nucleic acid encoding the conjugates of the invention. 
These may be constructed using standard recombinant DNA methodologies. The 
25 nuddc acid may be RNA or DNA and is preferably DNA. Where it is RNA, 
manipulations may be perfbnned via cDNA intmnediates. Generally, a nucleic add 
sequence encoding the first region will be prq^ared and suitable restriction sites 
provided at the 5' and/or 3* ends. Conveniently the seqt^nce is manipulated in a 
standard laboratory vector, such as a plasmid vector based on pBR322 or pUC19 (see 
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below). Refioence may be made to Molecular Cloning by Sambiook et al (G)ld 
Spring Harbor, 1989) or similar standard refimnce boolcs for exact details of the 
appropriate techiii<|ues. 

S Nucleic acid encoding the seccMid region may lilcewise be provided in a similar vectcv 
sfltassL Somces of nucleic acid may be ascertained by reference to published 
literature or databanks such as Genbank. 

Nucleic acid encoding the desired first or second region may be obtained fiom 
10 academic or commercial sources where such sources are willing to provide the 
material or by synthesising or cloning the appropriate sequence where only the 
sequence data are available. Generally this may be done by reference to literature 
sources which describe the cloning of the gene in question. 

IS Alternatively, where limited sequence data are available or viiiere it is desixed to 
express a nucleic acid homologous or otherwise related to a known nucleic acid, 
exemplary nucleic acids can be characterised as those nucleotide sequences which 
hybridise to the nucleic acid sequences known in the art. 

20 Stringency of hybridisation refers to conditions under which polynudeic acids 
hybrids are stable. Such conditions are evident to those of ordinary skill in the field. 
As known to those of skill in the art, the stability of hybrids is reflected in the 
melting temperature (Tm) of the hybrid which decreases approximately 1 to l.S^C 
with every 1% decrease in sequence homology. In general, the stability of a hybrid is 

25 a fiinction of sodium ion ccmcentration and temperature. Typically, the hybridisation 
reaction is performed under conditions of hi|^ stringency, followed by wadies of 
varymg stringwcy. 
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As used heidn, hi^ sningen^ lefeis to oooditions that peonit byfaridtsadaa of only 
those nucleic add sequences that fomi stable High 
stringaacy oooditioas can be provided, fiir example, by hybridisation in an aqueous 
solution containing 6x SSC, Sx Deahaidfs, 1 % SDS (sodium dodecyl su^phateX O.I 
S Na+ pynqdxMiihate and 0.1 mg/mi denatosed sahnoo q>eim DNA as mm qiedfic 
competitor. Following hybridisation, higjh stringency washing may be done in 

seveid steps, with a final vnuh (about 30 min) at the hybridisation temperature in 0J> 
-0.1xSSC,0.1%SDS. 

10 Moderate stringency re&is to conditions equivalent to hybridisation in the above 
described solution but at about 60-62^. In that case the final wash is peifbmied at 
the hybridisation tempeiature in Ix SSC, 0.1 % SDS. 

Low stringency refers to conditions equivalent to hybridisation in the above 
IS described solution at about 50-52^. In that case, die final wash is performed at the 
hybridisation toiqieratiite in 2x SSC, 0.1 % SDS. 

It is understood that these conditions may be adapted and duplicated using a variety 
of buffisrs, e.g. fonnamide-based bufGos, and temperatures. Denhardfs solution and 
20 SSC are well known to those of skill in the art as are other suitable hybridisation 
bufiEeis (see, e.g. Sambrook, et al„ eds. (1989) Molecular Clonmg: A Laboratory 
Maimal, Cold Spring Harbor Laboratory Press, New York or Ausubel, et al.t eds. 
(1990) Cuxrait Protocols m Molecular Biology, John Wiley & Sons, Inc.). Optimal 

hybxidisation conditions have to be detennined en^irically, as the length and dw GC 
25 content of the probe also phiy a role. 
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Hie nucleic add eocodmg a conjugate according to the invendont or conadtuent 
part(8) dieieo^ can be incorporated into vectors for further manipuladon. As used 
herein, vector (or plasmid) refers to discrete elements that are used to introduce 
heterologous DNA mto cells for either expression or rq)lication thereof Selection 
5 and use of such vehicles ate well within the skill of the artisarL Many vectors are 
available* and selection of approp r i ate vector will depend on the intended use of the 
vector, i.e. whether it is to be used for DNA amplification or for DNA expressioiit 
die size of the DNA to be inserted into the vector, and die host cell to be transformed 
with the vector. Each vector contains various coirqHments depending on its fimction 
10 (amplification of DNA or expression of DNA) and the host cell for which it is 
conqpattble. The vector coni^xments gmerally include, but are not limited to, cme or 
more of the followmg: an origin of replication, one or more maricer genes, an 
enhancer element, a promoter, a transcription termination sequence and a signal 
sequence* 

15 

Production of Antibodies, 

Conjugates according to the invention may be used directly as immunogens, without 
the use of further a<yuvants, to generate antisera and monoclonal antibodies. 

20 

In accordance with yet another embodiment of the present invention, ttiere are 
provided antibodies ^ecifically recognising and binding the conjugates according to 
die invention. More preferably, however, the antibodies are specific for the second 
region of the conjugates, that is the polypeptide which is fiised to the gene product of 
25 the invention in order to achieve expression thereof. Advantageously, the second 
region of die coiQUgate is recogiiised by the antibodies when in its n^ 
Tlius, where the second region is an isolated peptide or domain fiimi a 
diat peptide or domain is recognised by the antibodies of the inv«ition in the context 

■I 

of the whole of the larger protein. 
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The inveaitioii moreover provides a method for prqnring m immunoglolniliii, 
comtmsmg die 8tq» o£ 

5 a) imnwmising an animal with a conjugate accoiding to die present invention : 
and 

b) recovering immunoglobulin specific for a region of the coigu^ IBrom the 
seium of die animal. 

10 Hie antibodies (or immunoglobulins) may be isolated in the foon of a oude 
pi!epaiation« i.e. an antiserum* by afiSnity chromatogr^hy against the conjugate. 

Exntession and mirificatinn of Jntp^jj^jy^^ 

15 Whilst not wishing to be bound by any theory we beUeve die abiUty of An^ 
conjugates to translocate aooss the cell surface membrane may be very muc^ 
dependent on die confomution of die recombinant proteins. We could not observe 
any translocation of die polypeptide by using eidier bacteria cell extracts or purified 
proteins exposed to small amounts of detergent (ionic and non-ionic) or denaturating 

20 agents (urea or guanidinuim). Hiis conformation dependent property has represented 
a serious fnoblm for using i^nijT-conjugates in both in vitro and in vivo experiments 
as all reports so for published use eidier synthetic peptides or bacterial cell extracts. 
We have overcome this limitation by puri^g the An^p-conjugate under n^ve 
conditions in acccndanee with the invoition. 

25 

Example 1 - We have introduced at die cariwxyl-teraiinal end of die recombmant 
protein a tail of six histidine which confers to those proteins a high afiSnity for nickel 
ions. Bacteria cells expressing the recombinant protems were lysed by rqieated 
exposure to ultrasounds. Cell lysates were centrifiiged and loaded on a nickel 
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5 th@ pH Esi@3 b@i]:w@@ai 4.0 to S.O. Th@ Apitp vseamhimM ps^mss vmB 

pmfied by aiSSmty otomMog^by iismg tb@ mtsbody 4 D 11 (feetsd si^msil tb@ 
MMidme tsil. Hi© s^ecoMbmaint psotsms wisre eluited firm ^ colvma by chBBntgjjijig 
tbd pM of tfa@ bu^@r. Om* results indicflte that fiactiom dEStsd st pH 2.8 cosotm^d 
^ K^combmsunt psiotems nearly of my bacterial contamnaisits. ThmQ proit@m 

10 finGtion ws^ ihm loaded on a polymBxine column to selectively siisbtract DPS and 
existed bacterial consammants. Gel electE^horesis analysis indicattsed thai the elna£e 
of the polynmdne colunm contained the recombiant protein devoid of bacterial 
Q/sMsmsmm (99.5% pomty). iPisrified Ati^y^^viSfiies were tested for their ability to 
tsansHocate across the cell sur&ce membrane of different cell t^^pes. Our resndts 

15 indicate that the purified conjugates An^-85A are able to translocate acsoss a vadeiy 
of ceil lines (Hela, Hq)-G2, P815 £L4) and hun&an monocytes. Tlhe ability of Amp 
to vehiculate large molecules across the cell membrane was noit ai^cted by the 
particular ammo*acid composition of the c(mjugates. A diiBTerent An^iusion 
molecule, generated by usmg the malaria antigen Hmsmbo^Kmdin i^kted 

20 anonymous protein (TRAP) of Plasmodium berghei of about 150 amino adds 
(IRobson KJ et al Moi Biochem Parasitol 1997; 84(1): 1-12), was translocated across 
the cell membrane as eiSScientlv as the S5A comtmc^. 



23 



Hbe monoslflma l antibodv 4 D 1 1 

The nmodonal antibody (mAb) 4 D 11 was found by scseening in EUSA 
hydridomas generated &^m a mouse that was immunised with a secombiinant fsrotein 
GKHotakkg & 8k Mstidine tail at hs aramo-teminal end. The antfib©dy is availlabie 
ftom Imiperial College of Sci@ace, Techsaology md Medicine, Slxexfield Buildiog 
E»hbition Rd, London SW7 2AZ, UK c/o ic Innovations Ltd, 47 Psmes Gate 
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London SW7 2A2^ UK. A molecular characterisation of the epitq>e showed tfiat lius 
mAb reco^uaes the amixK) acid sequence HHHHHHGS both at the ammo and at the 
carboigrl temimal end of recombinant proteins. Hie antibody has an ^1 isotype 
and can be easily purified on protein A column. Our results indicate diat 4 D 11 
5 recognises die reoomUnam proteins containing die HHHHHHOS in ELISA 
immunoblot, immuno-fluorescence. In addition purified 4 D 11 coi^led to beads 
(a£B-gei or CNBR activated sepharose) can be used to purify recombinant proteins 
under native conditions. 

10 TBC Vaccine 

Tbe ftcatat invention may be used to provide a recombinant vaccine that is 
able to induce a humoral as well as a cell mediated helper and cytotoxic immimA 
response against M tuberculosis antigens. In order to elicit a MCH class I restricted 

IS cytotoxic inunune response, die antigens ai4)loyed in the vaccine should hove access 
to tihe cytioplasmic cooaqpartment in the presenting cells of the itnwni«i«<»<< ofganism. 
The 85A protein is cme of the member of die antigenic comphoL 85 ABC and 
represents the most abundant molecular sfpecies secreted M ttAercul<ais in the 
culture media and during bacterial infection. Moreover, tiie protective immune 

20 response induced natural infection is mainly directed against die antigen 8SA, this 
protein elicits the producticm of antibodies and cytokines and stimulate the ^totixic 
T cells. This would reproduce die processing and presentation pathways occuning 
during die natural infection of M tuberculosis and the tmniimittfltiftn procedures 
emptoyingfiCG. Whilst not wishing to be bound by theory, it is believed diat die 

25 developmem of such a vaccine would require molecular vehicles for translocating 
bnleriai proteins aooss the cell membrane into the cytoplasmic compartment 

Exaosple 2 - To demonstrate the possibility of using Antp as delivery system we have 
carried out the following experimental activities: (i) cloning of the 85A fiiU lengdi 
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s©qraa6@ m ^^^mou phmMB; (ii) dsmlopismt of apteSac g^@s (^sem&g 
cSamssric pinoiteim m wbkk tS&e Ibomeodomsim of AsEt has b^m mmsi^ M &@ mskm 
tssmmsl wd of iSse psoSems 8SA; (m) es^^stsssion m £. mli pisrifiesfiiosi of ^© 
2ii30ombm®sit ps^ms; (iv) dswtopm^snt of & ^^Mc Mtas@irym siggksK S3A; md 
5 (v) mdysss of ^ filbMity of AiQ^ poij^spitodes 8SA 

kiSo cytlqsillfism of Hel^ ceU m outee. 

Ti&@ Mi leaiglh 8SA ggsie wsis smpliiSed k PCR esq^erimmis mkg as li^s^lM© DHA 
10 es^cted M tuberadosis stmm H37Rv, As pidme^s feir ith© FCE ssactiosi w@ Ibijsve 
issed oUgoaudeotides deduced from the mmo acid seqiaessc® of SSA. To &dlstsite 
eloiomg in the expresssoQ vectors the pmsaer W3!^ desigmed to cosntfim as thek 5* eiad 
i&@ ]restdc&aos& sites Bam HI md Sal 1. Hie smpHfied seqoseaice wss closed m ti^ 
@^ssm plffismid pDSS&WSH thereby genef&ting the ptamds pDS/SSA. Tbsb 
1$ ssasplified sequences 8SA wss sequeiQced to rale out the pireseonce of mutstsms 
ktroduced dumg the ampUficatioini Tsscdom. The eitpiressiosi mk of the pksmid 
pDS S6 RBSn is under the controll of IFTG kducibie promotoir sind yields coqjugstes 
cossttainkg a steetch of six histidmes at theiir amino* or carbo;2:yl4«%min&l end. Hue 
psissence of the histndines confer to the ps^ems a high ai^nity for nickel ions. He 
20 sm^mhinsnt proliein 3SA was esqsressed in E. coli and purified by afiSnity 
chromatogrsiphy on nkkel column. The yields and qu&liity of the proteins recovered 
at the end of purificsdon process were assessed by analysing the sans^les elasted ten 
the a^nity column wMa SDS acrylamide gel electrophoresis. 

25 B. DCTeli OTMent of srothedc genes egncodm^ the chimeric orotdm Aifp^ ^^ 
YkQ sequence encoding the homeodomain of Antenioiapedia was amplified in FCR 
experiments using as template the DNA esstracted fimn embryonic cells of /}. 
fmlmogaste?. The homeodomain encompasses the seqtsence of Aviip fiom amino 
acid 297 to 3S6 and is encoded by a gene sequence that is not intemspted by introns. 
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S3 A m ^ jpls^d pDS/8S A @si0E$d©d ^ dMmssm p^sifiok Asii!p-&SA. IMs ptstem is 
^{^assicterissd fay 11^ of tbe homsodoisiaflsii otAs^sp md th@ MaMiiraia tsioi sits 

smmoH esirto^^isintB^^ ends resp^stivaly. Hn© ssqu&sssc© of A?8Sp wsis 
Bioigit^duGed Sh® amko-t^rmisial end to fitcOitate the coe!i^ foldins of tinis domam 
10 ml&eGOiE(t@sstofchkaL®ncp70item^^ @3cps:essE0Q of the cMmsric protek 

isQimiasLoblot @K^edm3Si(£3 the sesxom s-SSA s^soogoised moleenslles sMgTsKss^ mfh the 
moleculfiur wei^t psedicted for Aiotip-fiSA. 

13 C. guMCtiogilM am l^jiff ^f^^^- ^^^^^ ^ ^(S^^msL An^^^^f 

To ssseas tiiie ability of the chimeric protein to tumslocffite sicross the cell membeme 

mcs€&isixig amoimts of pmiiSsd ABtp*S3A wesie added to HeLa ceils in c^ltiti!)^. As 
control the cells weire incubated with irecombinant pirotem S3A that lacks the 
hosneodomain of Antp at its asmno-^temmiiai mi. ASts^ 3 houKS of incvibation at 

20 ST'C. the cells vm& i&sed in fommldehyde and analysed with the anitisemm s*SSA to 
reveal the tifanslocation of S3 A ^itopes mto the cytoplasm, hi immimoflws^sscence 
@sz^mmei2xits the smm s-S3A did not tmsi witih HeLa cells that w@s@ paovioissly 
incisbated with bacterial lysates containkg SSA. IMs Ending woMd indicaile 
these polypeptides ase not able to cross the ceil sn^teane* Qn the contsa^y the 

25 antssemm s*2S showed a clear cytoplassnic seacaivity on HeLa cells thas wesie 
incnbaied with ^ chimeric psotein Antp<>83A. This last sissislt stEmgiy iiQ)dicsK!®dl 
that the S5A epitopes weire localised within the cytoplasm of cells incvibated with 
Ai^^SA thm &ndica;ting that the homeodomain of As^ has con&^ed to the 
chimeric ps^oteins the ability to tmnslocate across the si^irficial m^^birane. Ubiese 
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findiiigs all together would indicate that the strati^ enqiloyed to veUeulate antigeos 
into the cytoplasm vxmsB the cell membrane can be used to develop an experimental 
vaccine against tuboculosis. It is anticipated that the purified chimeric proteins 
Anlp-8SA m^ elicit in die inununised animals both a humoral and cell mediated 
S helper and cytotoxic immune respcmse. 

Example 3 - P/cre regulated expression of pKrteias in eukanrotic cells 

Hie Cie recombinase is a jriiage derived enzyme that cuts double strand DNA at 
10 specific sited (LoxP). When two of these sites are present m opposite orientation the 
intervening DNA sequence is excised. The Cre recombinase has been shown to woric 
in distantly related organisms yease and maxomalian cells. Antp 

may be used to deliver the Cre recomfaines inside the cell nucleus and fx 
manipulating genomic DNA at precise locations in a temporal regulated manner. 
IS One of the possible applications of Antp-Cre fusion is the development off hig^ily 
regulated ^sterns fi>r expressing genes in eukaiyotic ceils. Transfi»mation vectots 
can be designed tot expressing genes under the transcriptional control of a piomotor 
containing, within two LoxP sites, DNA elements fimctioning as target sequences for 
transcription rqpressor &ctors. In the absence of Cre recombinase the presence of the 
20 repressor sequence would not allow the promotor to transcribe the genes cloned in 
the vector. By adding the Antp-Cre coiyugate to cells the repressor sequence may be 
«cised fi!om the promotor thus allowing transcription to start lliis type of 
expression vector may be extremely useful for studying the fimction of eulouyotic 
genes as well as for expr^sing biologically active molecule in large amounts. 

25 

Hxample 4 9f Yiml ^TmftfflffM W mtff?"»pedja delivery of recombinant 

iQffiiS^33iB^U3lfiy|l^i£l^SU3l 
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We fatOm mnstigato lyyassessmg its ability to tam^rt 

a functicmai fbnn of tiie siqppiessive tian^^ into die nuclei of 

cultufed cells. This &ctor is a meniber of the POU (Pit*Oa*Unc) fimily of 
tmnscrqstion ftctois and originates from an ahemative splicing of tilie Oct-2 
5 transciqrt which <mly occura in neunmal c^ 

Oct-2.4 lacks tbte activation domain located at the C* tennfaial end of 0Gt*2 ttu>u^ 
itfetains the ability to bind to the octamer DNA legulatoiy eloaent AGTCAAT. In 
contfast to Oct-2, vdiich acts as a positive regulatory ftctors on B lynqihocytes 

10 piomotets, Oct-2.4 can function as transcription iqnessor . Notably, Oct-2.4 was 
shown to siqypress the transcription of the herpes simplex virus QJSV) imm^iAtm 
early (IE) genes by binding to an octamerxehited regulatory element in the IE genes 
promoter. Moreover^ the ectc^ic expression of Oct 2.4 in H5V permissive cells 
down regulated the IE gene expression and inhibited the viral lytic cych thus 

IS indicatiiig tfutt this &ctor may play an important fimction in determining the 
resistance of neuronal cells to I£5V replication. Recombinant conjugates 
ccmtaining die homeodomain of Antp at the amino^terminal mi of Oct-2,4 cross the 
cell sur&ce membrane , reach the cell nuclei arid down regulate the viml IE 
promoters. 

20 

Ibis proposal has the objective to assess the ability of hi4n^ to transport Oct-2.4 
across the 8urfiu»» membrane of living ceUs. To achieve this objective we: i) gmetate 
-Oat*2.4 fiision proteins; ii) assess the ability of the fusion proteins to bmd to 
HS V IE promoters and to translocate across the cell mmbrane; iii) analyse die 
25 transcriptional activity of IE promoter omstn;^ in cells treated with hAntp *Oct-2.4 
fiision proteins. Hie experiments prove the feasibility of manipulatii^the mpression 
of cellular and viral genes by using a non invasive protein delivery system and may 
lead to the development of a novel class of antiviral agents. 
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]Dfevi§ll(SMS@M of °Oot-2.4 Qomamgas: Petri A is ampiMed kPCRessj 



TbBOcA-2A PGR iprndsBcUs seq^ G0QE@2ini&s£s @5q^^ 

&sm mid 297 to 356 Ms b@@fl& siSBipM@d fimsn Dnsopkik DHA. Hhtis 
a€qium6e hfid been mcK^ toaboMsh itftDHA blssAg 

ps\Qip@in&es wd^ showiQi to tbr&Qslocat® acn^ss ilhts sisidEkic® m^iosibsue of liviog c@lls« IDs® 

^ s@(p@aice is oloBSi^ at theS*eQidofitheOct-2.4geia@tesg@^^ 
coastract Mmp -Oet*2.4 tbat will contam bA?ap at ihe mmo^tismmi^ md of Oet- 
2.4. bAnip -Oct''2.4 Ms a moteoular wd^t of aboist 40 kDa wMck Mk wsi&iE the 
ss^ of pvstsks tramio(cated by th® fiiomeodbsniam of Atslp. The fimGtioiQial 
peoples of Oct*2.4 wiM not be affected fay the iiosestion of the hAp^ sequissKse . 
IS StestiiMml SMiyds kdieates that the siu^irsssive aKad the DNA baxudmg activity of 
Oct*2.4 aire m@dk£@d by a 42 ammo acid sequesac® (s^esidiaes 141 -182) aod the 
POUdofioam s^pectavely wMdi both nstain tfaek m diSeGnsfliit stmcti^ 



cmteKts as ^il as m chmeric prateim* We also geoeirate the coiQist2rti2ct hAfstp- 
AOct-2.4 has been desisoed to ^ooode a deleted Oct-2.4 i&ctof 



20 msow^msms the s^iji^iressave 42 asimo acid sequiegice md the POU DNA bmdhsg 

doxioiaisiu h^^8^AOct-2.4 wall iretam its snj^sptgssive tirasiscidptfloiQial actsvsty md 
islocait© ac£oss the cell membsasae mose e^cie&Etly than h^j»8^0ct"2.4 becauise of 
Todm^mdiSGdmmi^ 



25 ECTgeastoini of Octt-2,4 aiad hAmthQet- 2A chimeric laroteins in E. colt Mn^p^^ 
2*4« h^^8ii^AOct^2*4 m& Oct-2.4 ase e3^f@ssed in E. coli mixsQ a vectof? that ismM 
a histidme tai at theis" ca:rboxyi"tes^^ eods. The psieseiace of the His tail mM 
aUow the pumficatioB of the fecombioaiit proteins by oickel chelate dromatogiragsjhiy. 
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of 



ft^embgmQ giaid DNA f?Hff^ff!ffi f oropag^ gnnd^fl^ Hiq DMA bMSaiig 



iSisSssml £!Sid tSas sellM^ HS V octem^ s@qiL£^B/&©. Tib@ spsdfidiiy of tiibi@ mfisss^iSke wail 



(ATCC: ClL-id32) inMch se© sqi^s^M© to HSV ki^oiQi mi Isidk 
teiismpttioE SisSoirs. BHK oslls aii© kciiite with ai^Mty piJidSsd L^^s^^^ 
20 hA^^LOoH-l. Cwisol (33^»@msM!(te csim©d OMt % ksiyibsiSmg ith© osi^ wiib 



mmmm:m 



oaa BHK colllls teaisis&s^^ & MS V SS ptodnmoter stgpofter oogistinBeL A DMA 



wo 99/11809 PCT/GB98AI2628 

35 

seqwoce encQiqpassiiig flie IE gpne 3 inoiii0ta finim nucleotide -330 to 
be littkfid to the luciferase (Zuc) gate in tiie transfonxiadon constnict IE3-LUC. The 
sected DNA sequences contains the octamer related regulatory seqittoce 
TAATGARAT and is transcriptionally active in BHK cells. The IB3-I^ 
S also contains a G418 resistance gene (/leo) transcription unit consisting o£ 
MMTV«LTRtetraviraIiffonu)4er-ii)^ and iii) the SV40 splidng and 

polyadenylation sites. Transfimned BHK cell clcmes are selected with genetidn 
(G418) and analysed by southern blot Experimental evidence mdicates ^ flie HSV 
IE3 promoter will constitutively express hig^ level of lucifoaae m IE3-Luc 

10 transfomoed BHK cells. To assess the ability o{hAntfhOci-2A, hAntihADcirlA to 
suppress the transcriptional acti^ of the HSV IE3 promoter, IE3-Luc tiansfcmned 
BHKcells arecultored dtb«r in the absence or in the presence of di£fiBtent 
concentration of afBnity purified hiinQ9 dumeric proteins. As c^ the 
transformed cells axe incubated with recombinant Oct*2.4 and unrelated hAf^p 

IS fusion proteins. The txanscriptioaai level of the HSV IE3 promoter are assessed by 
measuring die luciferase activity mBHKcell extracts collected at differed thne 
points after treatment Functional h^ni;p*Oct-2.4» hAntp-AOU^ZA chimeric protein 
tnnslocated into the ceil nucleus of IE3-Luc transformed BHK will significandy 
down regulate tiie basdine activity of the HSV IE3 promoter. 

20 

Tlie relevance of the pnqN>sed experiinents goes beyond the develqmient adelivery 
system potentially able to intacfime with die lytic cycle of HSV. The homeodomam of 
Amp has the ability to transport across the cell sur&ce membrane a range of 
ftmcticmal proteins of great biological and medical relevance. 

25 
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CLAIMS 

1. A conjugate comprising: 

' (a) a first region comprising the homeodomain of 
antennapedia or a functional variant thereof; and 
5 (b) a second region not naturally associated with the 

first region; and wherein at least the first region is non- 
denatured . 

2. A conjugate according to claim 1, wherein the first 
and second regions are associated via a disulfide bond. 

10 3, A conjugate according to claim 1, in the form of a 
fusion protein. 

4. A conjugate according to any preceding claim, wherein 
the second region comprises a protein of at least 100 amino 



15 5. A conjugate according to claim 4, wherein the second 
region is a functional or regulatory protein. 

6. A conjugate according to claim A, wherein the second 
region is an antigen. 

7. A conjugate according to claim 4, wherein the second 
20 region is a DNA binding domain. 

8. A conjugate according to claim 7, wherein the second 
region further comprises an NOI. 

9. A conjugate according to claim 1 or claim 2, wherein 
the second region comprises an NOI. 

25 10. Nucleic acid encoding a conjugate according to any 
preceding claim. 

11. An expression vector, comprising the nucleic acia oi 
claim 10, operably linked to a promoter. 

12. A host cell transformed with the expression vector of 

30 claim 11. 

13. A method for preparing a conjugate according to any of 

claims l to 9, comprising: 

(i) culturing a host cell according to claim 12 under 
conditions which provide for the expression of the 

35 conjugate within the host cell; and 

(ii) recovering the conjugate by affinity purification 
under non-denaturing conditions. 
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14, A method according to claim 13, wherein the conjugate 
comprises an amino acid tail that binds to an immobilised 
substrate. 

15. A conjugate prepared according to the method of claim 
13 or claim 14, 

16* A pharmaceutical composition comprising the conjugate 
of any one of claims 1 to 9 or claim 15, in combination 
with a pharmaceutically-acceptable carrier. 

17. A pharmaceutical composition according to claim 16, in 
the form of a vaccine. 

18. Use of the conjugate of any one of claims 1 to 9 or 
claim 15, in the preparation of a medicament for the 
treatment or prevention of cancer, a genetic disease and 
bacterial or viral infection, 

19. A conjugate according to any one of claims 1 to 9 or 
claim 15, for use in an expression system. 
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